Abstract. Taiwan's dengue outbreaks have a unique type of transmission: starting by import from abroad in early summer, spreading out locally, and ending in the winter. This pattern repeats every year. Most of the dengue patients are adults, with dengue fever peaking in the 50-54 year age range, and dengue hemorrhagic fever in the 60-64 year age range. Two patterns of dengue infection were found: DENV-2 in 2002 with 74% of secondary infection in contrast to non-DENV-2 (DENV-1 or DENV-3) in 2004-2007 with ~70% of primary infection. Secondary dengue virus infection increases disease morbidity, but not mortality in adults. The active serological surveillance shows two-thirds of the dengue-infected adults are symptomatic post infection. The Taiwanese experience of adult dengue should be valuable for countries or areas where, although dengue is not endemic, the Aedes aegypti vector exists and dengue virus can be introduced by travelers.
INTRODUCTION
Dengue disease is an acute infectious disease caused by four serotypes of dengue virus, and is the most important arboviral disease of humans, occurring in tropical and sub-tropical countries of the world where over 2.5 billion people are at risk of infection. The World Health Organization (WHO) has estimated that between 50 and 100 million cases of dengue fever (DF) and several hundred thousand cases of dengue hemorrhagic fever (DHF) occur each year, depending on the epidemic activity. 1, 2 For the disease manifestation, DF is self-limited, the patient will recover without any sequelae after the fever subsides. On the other hand, DHF is a severe febrile disease characterized by abnormalities of hemostasis and increased vascular permeability, and severe progression may result in dengue shock syndrome (DSS). Dengue hemorrhagic fever is classified into four grades, of which the third and fourth grades are called DSS. Dengue shock syndrome is a form of hypovolemic shock that is associated clinically with hemoconcentration and hemorrhage, which will lead to death if appropriate fluid supplement is not given immediately. 3, 4 Like other viral infectious diseases, it displays iceberg characteristics. In Southeast Asia, most cases are symptomless, followed, in order of increasing rarity, by undifferentiated fever, DF, and life-threatening DHF/DSS. It is estimated that 76% of infected persons are asymptomatic, whereas 24% of them show clinical symptoms. Among the symptomatic patients, 94% are categorized as DF, whereas 6% will progress to DHF/ DSS, and only < 1% are fatal. 5 Most of the severe manifestations of DHF/DSS occur in children experiencing a secondary dengue virus infection that has a different serotype from the previous one. Antibody-dependent enhancement (ADE) theory has been proposed to explain this unique epidemiological finding. 6 In endemic areas such as Southeast Asia or Latin America, DHF is the leading cause of hospitalization and death among children with secondary infection. In different areas with a recent introduction of the virus or with no endemicity, the age distribution of DHF cases is different with an increasing number of adults with DHF. 7 Although several outbreaks of dengue fever were recorded in Taiwan even before World War II, no dengue case was documented from 1945 until 1981, when a DENV-2 outbreak occurred on the small island HsiaoLiu-Chiu Township, Pintung County in southern Taiwan. 8 In 1987, a major DENV-1 outbreak occurred in the southern part of Taiwan. After this, a dengue outbreak has occurred every year. 9, 10 Dengue hemorrhagic fever cases have been recorded since 1994. Despite this annual dengue outbreak, Taiwan is not considered yet as a dengue endemic area. The scale of each dengue outbreak depends on the appropriate control measures or other variables such as the weather. 11, 12 Molecular epidemiological analysis showed that multiple dengue serotype were constantly imported and circulated at the same time in this island. Different years have different combinations of dengue serotype, the incidence is increasing early in the year and declines toward the end of the year. 10 In this study, the epidemiology of dengue outbreaks during the period 2002-2007 in Taiwan was characterized. Dengue in Taiwan is found to be predominantly an adult disease and the majority of the DHF/DSS cases are the elderly who are at risk of high morbidity and mortality. This adult dengue epidemiology is distinct from that of child dengue in hyper-endemic areas. Secondary infection was prevalent for serotype 2 in the year 2002 in contrast to primary infection for serotype 1 or 3 in 2004-2007.
MATERIALS AND METHODS
Dengue reporting system in Taiwan. Dengue is a category 2 notifiable infectious disease. According to the Communicable Disease Prevention Act, the physicians are obliged to report the suspected dengue cases to the local health department within 24 hours of clinical diagnosis. Contacts of confirmed cases are also obliged to test their blood for dengue virus infection. The collection of serum samples and laboratory diagnosis are performed for public health surveillance purposes and enforced by the Communicable Disease Prevention Act.
This study is an effort to understand the characteristics of dengue epidemiology using these serum samples collected during [2002] [2003] [2004] [2005] [2006] [2007] . Unlike seroepidemiological studies, the data presented in this study were derived from routine diagnosis and analyzed anonymously. We believe the analysis of surveillance data are for public health interest and are not a research project that requires informed consent from individual patients. The laboratory diagnosis and the subsequent control measures were carried out by the central and local health environment departments, including the epidemiological investigation, mosquito eradication with insecticide treatment, and breeding source reduction.
The Taiwan Centers for Disease Control has two dengue surveillance systems. The first is a hospital-based reporting system for infectious reportable diseases and the hospital syndrome reporting system for viral hemorrhagic fever. The second is the dengue active surveillance systems, including individual self-suspected reports, the expanded epidemiological surveys for contacts of confirmed cases by local health bureaus, school and community screening systems for unknown fever, and international airport fever screening. All the sera of the reported or suspected cases are examined by Kun-Yang laboratory for northern Taiwan and Kaohsiung laboratory for southern Taiwan in the Research and Diagnostic Center. Routine dengue diagnosis includes molecular analysis using real-time reverse transcriptase-polymerase chain reaction (RT-PCR), serological analysis using captured IgM/ IgG enzyme-linked immunosorbent assay (ELISA), and virus isolation by cell culture . A confirmed dengue case is defined as 1) positive for dengue virus isolation; or 2) positive for dengue virus genome by RT-PCR; or 3) positive for dengue virus-specific IgM and IgG in a single serum sample, where cross-reactions to Japanese encephalitis virus (JEV ) have been excluded; or 4) 4-fold increase of dengue virus-specific IgG antibody in paired serum samples where cross-reactions to JEV have been excluded. A diagnosis report (positive, negative, or undetermined) will be completed within 6-24 hours after sample arrival and made available in the internet report system for the local health bureau and hospital for further action to be taken. Once the dengue-infected case is confirmed, the infection disease notification sheet is completed by the local health bureau or hospital with data including name, gender, sampling time, onset day, overseas travel detail, and disease symptom. Furthermore, emergency control measures, such as insecticide spread, source reduction, and expanded epidemiological investigation will be initiated to avoid local transmission. If the infected person had been traveling abroad in the 2 weeks before confirmation of infection, it will then be classified as an imported case, because the person will be considered to have been infected abroad and the dengue virus imported into Taiwan . When overseas travel is not indicated, it will be recorded as an indigenous case. For expanded epidemiological study, the staff of the local health bureau will visit and interview the index case patient and make enquiries about the patient's areas of contact or persons he or she had contact with during the active period. Blood samples will be drawn from family members, colleagues, and neighbors within a radius of 50 meters of the index case resident, who may have had contact or had fever, to understand whether any further spread of infection by a DENV-infected mosquito has occurred. The environment, including homes and working places within a radius of 50 meters of the index case resident, will be sprayed with insecticides to reduce the vector source. Once a further dengue case is found, a retrospective interview will be conducted to understand whether there are any symptoms such as fever (> 38°C), nausea, joint pain, dizziness, headaches, vomiting, abdominal pain, poor appetite, bone pain, tiredness, eyehole pain, muscle pain, or skin rash.
A business Object system composed of these data is used for Centers for Disease Control and Prevention (CDC)-Taiwan dengue surveillance. The analysis of this study is derived from this database.
Dengue diagnosis. A modified E/M-specific captured IgM and IgG ELISA was performed to measure the DENVand JEV-specific IgM and IgG antibodies as previously described. [13] [14] [15] [16] [17] The assay was performed by 1) measurement of DENV-and JEV-specific IgM and IgG antibodies of each serum sample simultaneously in the same ELISA plates, 2) selection of a monoclonal antibody having similar affinity to both JEV and the four DENV serotypes, 3) addition of virus-infected cell culture supernatants containing equal concentration of DENV or JEV in each well, and 4) captured IgM or IgG antibodies incubated to a cocktail of mixed viral antigens and the monoclonal antibody in a single step. For the differentiation of primary and secondary DENV infection, different laboratories used different IgM/IgG ratios; therefore, Innis and others 13 and Kuno and others 14 used the IgM/IgG ratio of 1.78 and 1.4, respectively. More recently, Falconar and others 18 proposed to use the ratio of 2.6 to classify all primary or secondary DENV infections for early acute-phase sera (Days 1-3) by an altered ELISA. Because the protocols and the reagents are not the exact same in different laboratories, some variations of the IgM/ IgG ratio would be expected and need to be adjusted. We used the IgM/IgG ratio of 1.2 as a cutoff to differentiate primary and secondary DENV infections for acute (Days 1-7) and convalescent (Days 8-45) serum samples. 15 This is based on the results of comparison studies with both hemagglutination inhibition test and NS1 serotype-specific IgG ELISA, because the majority of sera tested by capture IgM and IgG ELISA can be correctly grouped into primary or secondary infection if the capture IgM/IgG ratio of 1.2 was used as the cutoff. 15 The modified ELISA showed low crossreactivity between DENV-and JEV-specific IgM and IgG antibodies and can be used reliably to differentiate primary and/or secondary JEV and DENV infections. A one-step SYBR Green I real-time RT-PCR (QuantiTect SYBR Green RT-PCR kit; Qiagen, Hilden, Germany) was performed in the Mx4000TM quantitative PCR system (Stratagene, La Jolla, CA) to detect and differentiate dengue virus serotypes in acute-phase serum samples, as described previously. 17, 19 
RESULTS
Dengue epidemiology in Taiwan. In 1987, a major DENV-1 outbreak occurred in the southern part of Taiwan. Since then, dengue outbreak occurs every year; the case number in 1997-2007 is shown in Figure 1A . The greatest outbreak occurred in the year 2002. Because more detailed information was collected following the 2002 outbreak, this study reports the epidemiology from 2002 to 2007. The dengue cases were categorized into either imported cases or indigenous ones based on the virus origin of the infected person. If the infected person of the confirmed case had traveled abroad in the previous 2 weeks, it was classified as being imported from abroad . Analysis of the monthly frequency of dengue cases shows that the first indigenous index case usually occurs in May or June, infected with locally transmitted dengue virus imported from Southeast Asia. 10 If the control measures are not successful, the outbreak then spreads Table 2 ; available online at www.ajtmh.org ). This pattern of dengue transmission in Taiwan has been repeated every year: beginning with importation from Southeast Asia in the early summer, spreading out through southern Taiwan in the autumn, and ending because of cold weather in the winter.
Adult dengue disease in Taiwan. In Taiwan, dengue is classified as a Type 2 infectious disease and has to be reported to CDC- Taiwan Table 1 ). The seasonal trend of DF and DHF and the DHF/DF ratio are shown in Figure 1C and Figure 1D -1) , the non-serotype 2 outbreaks had a lower DHF/DF ratio of 0.6% to ~2.3%. When the age-specific prevalence of the dengue disease was analyzed, it was found that most of the DF cases were adults, with a peak in the 50-54 year age range ( Figure 2A ) . The analysis of DHF also shows the tendency of adults or the elderly to have a greater risk of developing the severe manifestation of DHF, with this effect peaking at the 60-64 year age range ( Figure 2B ). For the fatal dengue, it is more apparent that those greater than 55 years of age are more susceptible to death post dengue virus infection ( Figure 2C ) .
The dengue serological analysis can discriminate the primary infection from the secondary one based on the IgM/IgG titer ratio of anti-dengue antibodies. [15] [16] [17] The infected status was determined for the dengue patients. The age distribution of primary and secondary dengue infection is shown in Figure 3 . Figure 3B . In the year 2002, 85% of DHF patients were of secondary infection with DENV-2. In the years 2003-2007 with non-DENV 2, a total of 40 DHF cases were pooled, of which 44% were of primary infection, whereas 56% of them were of secondary infection. Among the 22 secondary-infected DHF cases, 16 cases were over 60 years of age. For the DENV-2 outbreak in 2002, the case fatality rate of DHF was 8.7% (21/242). Among the fatal cases, 67% were secondary infection, whereas 33% * DF = dengue fever; DHF = dengue hemorrhagic fever; CFR = case fatality rate.
were primary infection. The percentage of secondary infection in fatal cases was not as high as that of DHF (67% versus 85%). On the other hand, in the non-DENV-2 outbreak in 2003-2007, the total case fatality rate (CFR) was 17.5% (7/40), higher than the 8.7% observed in the 2002 DENV-2 outbreak. Among the fatal cases, 42% (3/7) were secondary infection, whereas 58% (4/7) were primary infection ( Table 1 ) . It seems that secondary infection with DENV-2 enhances the development of DHF ( P < 0.001), but not the mortality ( P = 0.38 by χ 2 test). However, primary infection with non-DENV-2 dengue virus in the elderly can be fatal.
Asymptomatic dengue during 2004-2007.
In addition to the hospital-based reporting system, an active serological surveillance was carried out in the area within a radius of 50 meters of the index case, on family members, colleagues, and neighbors who may have had contact with the index case. Table 2 shows the summary of the active surveillance report for [2004] [2005] [2006] [2007] . A total of 42,150 blood samples were drawn for dengue serological analysis, of which around 1.1% (464/42,150) were found to be dengue virus infected. All 464 persons did not feel sick enough to go to the hospital for medical treatment. Interviews of these confirmed dengue virus-infected persons were conducted to discover whether they had any dengue-like symptoms during the possible infection period. Among the 464 cases, 64% (297/464) recorded that they had symptoms such as fever (> 38°C), headache, myalgia, arthralgia, retro-orbital pain, maculopapular rash, petechiae, ecchymosis, vomiting, or gingival bleeding, whereas 36% (167/464) said that they did not have any symptoms at all. The age-specific distribution of the asymptomatic and symptomatic cases from this active surveillance data are shown in Figure 4A and B, respectively. The age profile of the symptomatic cases from active surveillance data are similar to the surveillance report of Figure 2A , but the proportion of young children 5-14 years of age increased. On the other hand, for the age distribution of the asymptomatic cases, the elderly (> 69 years of age) seem to have a higher frequency of asymptomatic cases ( Figure 4B ). Both asymptomatic and symptomatic cases can be of either primary or secondary infection, with primary infection accounting for ~70%, which is the percentage for the DENV-1 or DENV-3 infected cases in the years 2003-2007. The status of primary or secondary infection from the active surveillance system is not different from that of the surveillance reporting records. It is therefore concluded that the ratio of symptomatic to asymptomatic cases is 1.78 (64%/36%) for adult dengue in Taiwan, or that about two-thirds of the dengue-infected adults have clinical symptoms.
DISCUSSION
The dengue epidemiology in Taiwan is different from other locations in Southeast Asia, with a number of particular characteristics. Dengue in Taiwan is an adult infectious disease, whereas it primarily affects children in hyper-endemic Southeast Asia. The dengue-infected elderly have high morbidity and mortality rates. Secondary infection increases the disease severity, but not the mortality. Dengue-infected adults are more symptomatic. The transmission cycle in Taiwan is also unique, beginning with importation in the summer, and ending in the winter.
Among various flaviviruses in Taiwan, JEV and dengue virus are the two viruses transmitted locally in this island. Although Japanese encephalitis is an endemic disease caused by local JEV strains, dengue is not endemic and annual outbreaks are caused by different dengue virus strains imported each year, which disappear with the ending of each local outbreak. Beginning in 1968, a mass vaccination program against JEV for children was implemented in Taiwan. The annual incidence has declined dramatically to 10-35 confirmed cases after 1985. Recent seroprevalence study showed that individuals less than 10 years of age have high (80-90%) neutralizing antibody caused by vaccination, and then gradually decreases in the age group 11-40 years and to the lowest level (55%) in the age group 31-40 years. 20 For the vectors to transmit the dengue virus, Ae. aegypti is mainly active indoors, whereas Ae. albopictus is mainly active outdoors. In an area where dengue is not endemic but a capable vector exists, new autochthonous cycles of infection may be established from infected travelers or immigrants who arrive from endemic areas. The dengue virus thereafter spreads out from the carrier. Aedes aegypti is more vigilant than Ae. albopictus and has repeated feeding behavior on several persons. Therefore, this feature makes Ae. aegypti a better vector to transmit dengue virus and it is responsible for most epidemics. Dengue in Taiwan is not yet an endemic disease. The environmental conditions of Taiwan including its location on a subtropical island with neighboring hyper-endemic areas, the coexistence of two vectors, and the climate that varies from a rainy, hot summer, with an average temperature of 28°C , and a dry and cold winter averaging 20°C, with occasional drops to 10-15°C, have created a scenario for a unique pattern of dengue epidemiology. All four serotypes of dengue virus were found to be transmitted and caused a local outbreak in Taiwan. For example, in the year 2005, only DENV-3 and DENV-2 caused outbreaks, each in different county areas: a major DENV-3 outbreak in Kaohsiung, and a minor DENV-2 outbreak in Tainan. However, they would disappear with the ending of each outbreak. 10 The Kaohsiung area has a history of outbreaks (DENV-1 in 1988, DENV-2 in 2002). How the herd immunity affects the virus transmission is an intriguing question considering the influence of neutralizing antibody versus enhancing antibody. As dengue virus is an RNA virus that is easily mutated to adapt to the host immune pressure, there remains the question of the possible emergence of a dengue escape mutant, 21 which might become more virulent and cause a more severe disease. The closed environment of Taiwan for dengue virus circulation provides an opportunity to understand how the dengue virus genome evolves to cope with the immune pressure. Two spatial-temporal patterns were reported to explain the dengue virus transmission in the 2002 Kaohsiung DENV-2 outbreak. The demographic pattern of dengue disease is changing. It used to be a childhood disease and the leading cause of hospitalization and death among children. However, an increasing incidence of DHF for older age groups has been reported in Bangladesh, Brazil, Indonesia, Singapore, and Cuba. [23] [24] [25] [26] [27] [28] Adults accounted for 82% of all cases in the Bangladesh DHF outbreak of 2000. 23 In the Cuba 1997 outbreak, all DHF cases were adults, with secondary infection of DENV-2. [24] [25] [26] In hyper-endemic Southeast Asia, all four dengue virus serotypes co-circulate, but in other endemic areas such as Nicaragua or Latin American countries, one serotype usually predominates in a particular year. Balmaseda and others, 29 reported that the DENV-2 dominant period of 1999 to 2001 had significantly more shock, internal hemorrhage, and hospitalization duration, whereas the DENV-1 dominant 2003 was associated with increased vascular permeability. Primary infection with DENV-1 has four times greater risk of hospitalization and severe disease manifestation than primary DENV-2. Age is an important variable for the outcome of secondary dengue infection. Secondary DENV-2 caused DHF/DSS case fatality and hospitalization rates are higher both in the group of young infants 3 to 4 years of age and in the elderly of over 50 years of age in Cuba. 26 In an isolated non-endemic Taiwan, Ae. aegypti has a day-biting feature by which it prefers to feed on working adults, and most people are naïve to dengue virus and have no prior anti-dengue antibody to enhance the dengue disease development. A majority of the symptomatic dengue cases are adults with a peak in the 50-54 age range, and a DHF peak in the 60-64 age range. This is in contrast to secondary-infection-associated DHF for children in hyper-endemic areas. DENV-2 in the year 2002 was associated with 74% of secondary infection and a higher DHF/ DF ratio (4.5%). On the other hand, non-DENV-2 (DENV-1 or DENV-3) in the years 2004-2007 had a 70% level of primary infection, a lower DFH/DF ratio (0.6% to ~2.3%), but a higher mortality (17.5%). These data are consistent with the previous observation 26, 29 that primary infection of DENV-1 or DENV-3 and secondary infection of DENV-2 can lead to similar severe dengue disease or fatality. Secondary infection with DENV-2 is a significant risk factor.
The classic DF includes fever, headache, myalgia, arthralgia, retro-orbital pain, maculopapular rash, petechiae, and DHF of vascular permeability, internal hemorrhage, marked thrombocytopenia, or shock. Several reports have indicated different clinical manifestations among infants, children, and adults. [30] [31] [32] Kittigul and others 32 reported that hemoconcentration, thrombocytopenia, and increased liver enzyme and longer prothrombin time were reported to be significantly higher in adults than in children. For adult dengue in Taiwan, atypical lymphocytosis, activated partial thromboplastin time prolongation, alanine aminotransferase (ALT)/aspartate aminotransferase (AST) were significantly higher in DHF than in DF. 33 Moreover, the DHF case fatality rate in adults was 8.7% for secondary DENV-2 in 2002 and 17.5% in primary DENV-1 or DENV-3 during 2004-2007. We have analyzed the factors associated with the severe disease and fatality of dengue-infected adults including elders with underlying diseases of hypertension, chronic renal insufficiency, or diabetes; abnormal hematological data, and elevation serum levels of AST, ALT, serum urea nitrogen (BUN) during the acute phase of infection. 34 The case fatality rates of child DHF are around 0.2% to ~3.7%, 35 which is lower than our adult patients. Why adult dengue patients experience high mortality is intriguing and needs further study. Taiwanese data show that secondary infection increases the risk of morbidity, but not mortality. The early study by Burke and others 36 in Thailand, reported that 87% of dengue-infected school children were either asymptomatic or minimally symptomatic. Endy and others 37 reported equal incidence of inapparent and symptomatic cases for Thai children with secondary dengue infection. For adults, only 20% of dengue-infected Italian soldiers are asymptomatic in East Timor. 38 The ratio of asymptomatic to symptomatic cases for travelers to Southeast Asia are between 1:0.8 and 1:3.3. 39, 40 The isolate outbreak for naïve adults in the Caribbean island camp participants or migrant Chinese workers in Singapore showed a high proportion of symptomatic cases with a level of 100% and 89%, respectively. 41, 42 Although clinically silent virus transmission is suggested or reported for children, the adults seem to be more susceptible than children to developing symptoms after dengue virus infection. The age distribution and status of primary infection of dengue-infected persons in our active surveillance system represent the general trends of dengue virus infection in Taiwan, which is not different from that of dengue-infected patients that go to the hospital for medical treatment. Most (64%) of the dengue-infected persons showed clinical symptoms after DENV-1 or DENV-3 infection. For Varicella (chickenpox), it was reported that adults are more likely to develop severe disease cases than children. 43, 44 It is reasonable to surmise that adults bearing a strong immune response will have a more intense immunemediated clinical manifestation when the pathogenesis is immune-mediated. 45 Urbanization, modern transportation, and global warming will all contribute to the increased incidence and geographical spread of dengue activity, even to new areas where competent vectors exist. 46 The lessons learned in Taiwanese dengue research will become the model for countries or areas where dengue is not endemic, but where the vector of Ae. aegypti exists and the dengue virus can be introduced by travelers. This epidemiologic analysis of dengue disease in Taiwan not only shows a different transmission pattern, but also a different age-specific prevalence. Severe disease can be caused by secondary infection with DENV-2 or primary infection with DENV-1 or DENV-3. The adult dengue has higher morbidity or mortality than the child manifestation. Further study on this unique dengue epidemiology will shed light on our understanding of dengue disease pathogenesis. 
